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FIGURES 


This  report  discusses  the  design  criteria  necessary  for  the 
fabrication  of  forms  suitable  to  make  and  expand  laminates  of 
sufficient  shape  and  size  so  that  upon  post  heating  the  expanded 


laminate  wo  jld^  shrink  to  ^the  exact  contour  of  the  stump  shape 


being  fitted^  Fifteen  to  twenty  basic  preforxas  would  bo  necessary 
to  fit  the  majority  of  B.E.  amputees. 


The  porous  laminate  system  was  evaluated  and  found  to  be  unsatis*' 
factory  in  that  effective  expansions  of  only  357,  were  obtainable 
whereas  a  minimun  of  70%  wou’..d  be  required  to  make  the  system  at 
all  feasible;  in  addition  the  physical  properties  of  the  laminates 
were  very  poor. 


Finally,  the  overall  practicality  of  introducing  the  expansible- 
shrinkable  system  into  the  limb  industry  is  discussed.  /  J 


INTRODUCTION 


A  program  x;as  initiated  to  eliinj.nate  the  use  of  wet  layups 
in  limb  shops.  This  program  consisted  in  the  development  of  a  series 
of  plastic  preforms  that  could  be  ey^anded  anu  then  shrunk  back  to  con¬ 
form  V7ith  an  amputee * **s  stump, 

A  series  of  preform  shapes  X7as  designed  based  on  data  correlated 
from  the  circumferential  measurements  of  a  series  of  fifteen  belov7-elbov7 
stump  models.  The  shapes  designed  from  these  data  were  conical  in  form. 

Using  these  circumferential  measurements  it  was  calculated  that 
10  of  the  15^  stumps  used  for  the  design  could  be  fitted  v/lth  four  pre¬ 
form  shapes.  An  expansion  of  157.  was  estimated  to  be  sufficient  to  fit 
these  10  models.  Later  \«5rk  rcqxaired  the  design  of  an  additional  shape. 

Sevei  1  resins  were  evaluated  in  efforts  to  obtain  a  satisfactory 
expansion  :,tem,''  xhe  best  system  gave  30-357.  expansion.  Such  a  system 
had  a  rooir  temperature  recovery  of  7-3%  and  a  100  deg.  centigrade  re¬ 
covery  of  .'0%,  This  means  that  a  laminate  with  an  original  diameter  of 
2,00”  could  be  expanded  to  2.70”  and  upon  standing  would  recover  to  2*65" 
and  upon  heating  would  finally  recover  to  2,14".  This  vrould  give  an  ef¬ 
fective  exr^ansion  of  24%. 

This  expansion  should  have  been  sufficient  to  fit  677,  of  the  am¬ 
putees  if  the  basic  assumptions  were  correct.  Unfortunately,  this  was 
not  the  case. 

The  basic  idea  that  clrcunferontlal  measurements  would  be  adequate  to 
design  preform  shapes  failed  to  take  into  account  the  fact  that  many 
stump  cross  sections  are  not  circular,  particularly  as  the  distal  end  is 
approached. 

The  maximum  and  minimum  diameters  at  any  cross  section  are  more 
important  considerations  tlian  circumferential  measurements  as  they  more 
closely  represent  the  actual  cross  sectional  contour. 

To  obtain  proper  fit,  the  unexpandod  prefexm  for  any  given  stump 
must  have  all  diameters  less  than  the  corresponding  stump  diameters.  The 
expanded  preform  must  have  all  diameters  greater  than  their  corresponding 
stump  diameters.  For  the  reasons  cited  above,  a  series  of  preform  shapes 
had  to  be  designed  taking  into  consideration  both  the  maximum  and  minimum 
diameters  of  the  stump  models  as  measured  by  a  series  of  parallel  planes 
passing  through  these  stump  .-oodels. 

For  the  design  of  suitable  preform  shapes  a  series  of  28  BE  stump 
models  were  measured  and  tracings  made  of  the  perimeters  of  these  models. 


*  APRL  T.R.  5744 

**  APRL  T.R.  5955 
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These  tracings  were  divided  into  several  groups  according  to  the 
general  shape  of  the  (stuiq))  models.  Each  group  was  further  subdivided 
into  different  sizes  in  order  to  cover  the  range  of  models  in  each  group. 

This  report  discusses  the  design  of  these  preform  shapes  and  the 
expansion  requiring  to  fit  models  in  the  particular  groups, 

II.  PROCEDURE 

Tracings  x;ere  made  of  the  maximum  and  minimum  perimeters  of  23  BE 
stump  models. 

Diameter  measurements  were  made  at  one  inch  intervals  from  the  distal 
to  proximal  ends  for  both  maximum  and  minimum  perimeter  tracings. 

The  per  cent  expansion  required  to  expand  from  the  minimum  diameter 
to  the  maximum  diameter  was  determined  at  inch  intervals  from  the  distal 
to  the  proximal  end.  This  v;as  coiqputed  from  the  follov7lng  equation: 

E  -  (da-<rii_)  X  100 

Where;  E  =  per  cent  expansion 

minimum  diameter 

d2=  masclmum  diameter 

The  riiodols  x.’ere  divided  into  5  groups  based  on  shape,  size,  and 
maximum  to  minimum  difimeter  ratio. 

Average  diameter  measurements  were  calculated  for  each  group.  These 
measurements  were  used  to  sketch  a  general  shcoe  for  each  group.  Then 
using  this  general  shape,  a  similar  sliaped  con  ->ur  was  drawn  that  \70uld  be 
ns  small  a-’  the  smallest  model  of  the  group.  Ir.  a  siiXlar  manner  a  drathLng 
was  made  so  that  the  contour  .Inclxidcd  the  largest  model  of  the  group.  These 
shapes  arc  who^m  in  rigures  1-5. 

Using  the  smallest  drawing  as  the  preform  shape  and  the  largest 
drawing  as  the  c:cpandcr  shape  the  per  cent  expansion  required  xjas  calculated. 

Based  on  these  calculations,  1  to  3  intermediate  shapes  were  designed 
for  each  group.  The  expansions  possible  for  each  group  were  determined. 

For  the  3  shape  group,  3  expansions  were  possible.  For  the  5  shape  group 
there  were  10  possible  expansions. 

If  the  forms  are  designated  as  A,  B,  C  for  the  3  shape  groups  and 
A,  A^,  B,  B^^  C  for  the  5  sheen  groups  the  following  combinations  arc 
possible: 
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3  Shape  Group  5  Shape  Group 

A  4  B 
A  1  C 
B  4  C 


In  these  examples  A  Is  the  smallest 
and  C  is  the  largest. 


The  sketches  of  the  stump  models  of  each  group  v;ere  then  matched 
to  find  the  shapes  to  be  used  for  preforming  and  expanding  that  would 
give  minimum  expansion.  This  v/as  done  first  fc:.*  the  3  shape  group,  then 
the  5  shape  group.  After  these  matchings,  the  per  cent  expansion  for  each 
matched  sample  V7a3  determined  at  2  inch  intervals  from  the  distal  end.  These 
results  are  tabulated  in  the  follox;lng  section.  Based  on  previous  x7ork  with 
expansible  systems,  it  was  realized  that  the  actual  system  xjould  require 
greater  expansion  to  compensate  for  (1)  room  temperature  recovery  of  the 
expanded  form  and  (2)  total  recovery  (recovery  after  heating)  v;hich  is 
always  less  than  1007.,  The  actual  ei;pansions  that  wou?.d  be  required  were 
based  on  77,  room  temperature  recovery  and  00%  total  recovery. 

This  means  that  the  stuc^  model  to  be  fitted  must  always  be  at 
least  77.  smaller  than  the  expander  or  207.  larger  than  the  preform, 
(unexpanded  laminate) .  This  would  require  either  a  greater  number  f  pre¬ 
forms  or  greater  expansions. 


A  Y  A^ 
A  ^  B 
A  ,  fil 
A  *  C 
Al^  B 
A^^ 
A^^  C 
B  4  B^ 


After  determining  the  required  expansions  necessary  to  fit  the  stun^ 
models  of  this  control  group  (group  used  to  design  r.:r.  sha^i*.,',)  a  second, 
or  teat  group,  typical -fi^s tump  models  were  v^easu-rd  and  ihe  required 
expansioni-  ;;cre  calculated,  P 


A  series  of  epoxy  laminate  expansions  was  carried  out  to  determine 
the  maxiaum.  expansion  Qfatainable  with  available  systems,  Tliese  expanded 
laminates  were  checked  for  shelf  stability  then  rehec.f  od  t.-?  determine  total 
recovery. 


The  basic  resin  system  used  for  th^e  expansions  v/as: 

ERL  2795*  **  -  65  g, 

Versamid  140  -  35  g* 

Trlchloroethyelenc  -  43  g. 

Pigment  -  1  g. 


*  Union  Carbide  Chemical  Co. 

**  General  Mills 
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III.  RESULTS 


Part  A 

TABLE  I 

Controls: 

Group  I 

Stunr 

Per 

Cant  Expansion 

Distance  from 

Model 

Fabricator 

Expander 

Distal  End 

(Inches) 

2 

4 

6 

D 

A 

r* 

\u 

59 

55 

64 

XI 

A 

B 

34 

35 

36 

H 

A 

C 

39 

65 

64 

la  thia  group  it  can  be  seen  that  the  greatest  expansion  occurs 
at  the  distal  end,  an  area  where  good  rit  is  essential,  thus  making  it 
extremely  important  to  develop  a  highly  expansible  resin  system. 

With  two  additional  shapes  (A*  E') ,  the  above  models  could  be  expanded 
as  follows: 

TABLE  II 


D 

A» 

C 

45 

33 

40 

XI 

A 

B 

34 

35 

36 

H 

A» 

B' 

28 

22 

27 

TABLE  III 

Controls:  Group  II 


Major  Axis  Minor  /ocis 


ilL 

4” 

6'» 

2" 

4" 

6" 

XIII 

A 

C 

62 

50 

40 

79 

62 

56 

IX 

A 

C 

II 

II 

II 

II 

II 

It 

VI 

A 

C 

11 

11 

II 

II 

II 

II 

I 

A 

B 

30 

20 

27 

40 

34 

30 

E 

A 

B 

II 

II 

II 

II 

II 

II 

III 

A 

b 

II 

II 

II 

II 

II 

II 

XVII 

A 

C 

60 

50 

48 

79 

62 

56 

F 

A 

C 

;i 

II 

II 

i; 

» 

II 

II 

C 

A 

C 

II 

II 

tl 

It 

•1 

B 

A 

C 

1 

II 

II 

n 

It 

II 
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If  tV70  additional  Shapes  (A’  are  made  the  following  expansions 
xTOuld  be  required: 


Model 

Fabricator 

Expander 

Ma1or 

Expansion 

Axis 

7. 

Minor 

A:d.s 

2.1 

4" 

4'‘ 

6” 

XIII 

A 

B* 

46 

43 

3C 

59 

51 

43 

IX 

A‘ 

B‘ 

28 

27 

22 

33 

23 

20 

VI 

A’ 

C 

41 

37 

30 

41 

33 

30 

I 

A 

B 

30 

20 

27 

40 

34 

30 

E 

A 

B 

tl 

It 

i« 

II 

M 

It 

III 

A 

B 

11 

II 

II 

H 

tl 

II 

XVII 

A 

B’ 

46 

43 

30 

59 

51 

43 

F 

A’ 

B* 

20 

2.7 

22 

33 

23 

22 

C 

A» 

B‘ 

II 

ti 

It 

It 

II 

If 

B 

A‘ 

B’ 

II 

It 

II 

tl 

M 

It 

T.\BLE  IV 

Control:  Group  III/v 


XVIII 

A 

c 

46 

54 

60 

37 

42 

43 

XIX 

A 

c 

tl 

u 

• 

It 

II 

M 

tl 

X 

A 

c 

II 

tl 

II 

It 

•  1 

tl 

IV 

A 

c 

11 

II 

It 

II 

II 

II 

TABLE  V 


Control;  Group  IIIB 


XX 

A 

C 

62 

100 

83 

25 

20 

31 

XV 

B 

c 

23 

29 

24 

10 

12 

14 

XIV 

A 

c 

62 

100 

03 

25 

28 

31 

TABLE  VI 


Control;  Group  T’ 


VIII 

L 

c 

04 

73 

50 

90 

71 

61 

XVI 

A 

B 

30 

39 

32 

45 

37 

32 

V 

A 

B 

II 

II 

It 

It 

It 

It 

G 

A 

B 

(I 

II 

II 

11 

tl 

II 

VJith  an  additional  Shape 

(A') 

the  follo\7ing  expansion  would  be 

obtained 

VIII 

A» 

c 

52 

46 

35 

50 

46  46 
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t'&rt  B  -  Test  Grout 

To  test  the  adequacy  of  the  Shape  designa  tracinco  of  a  test 
group  of  stump  models  v;cro  obtained.  These  tracings  were  then  matched  to 
the  Shape  groups  and  the  per  cent  expansion  was  calculated. 


TABLE  VIII 


Group 

Nuraber 

in  Group 

Per  Gent 

in  Group 

Control 

Test 

Control 

Test 

I 

3 

3 

n,5 

10.7 

II 

10 

3 

4;(  .7 

31.2 

III/v 

4 

1 

lh,7 

6.3 

IIIB 

3 

1 

13:5 

6.3 

IV 

4 

5 

15,7 

31.2 

NCl'TE 

0 

1 

0 

6.3 

Considering  the  small  sample  size  in  the  test  group  the  corrclotion 
botl^;ccn  Test  and  Control  is  quite  good. 

If  we  consider  that  both  Control  and  Test  groups  ate  tj^pical  of  B.E, 
models,  then  fcr  further  diocaosion  they  will  be  grouped  together,  and 
furthermore,  models  that  fit  into  tiro  groups  will  be  given  appropriate  weight. 
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Next  is  x  txbuixtlon  of  the  per  cent  expansion  required  to  fit  the 
amputee  population  represented  by  this  grov^. 

Amputee  Population  Fitted: 

1ABL£  IX 


3«SHAPB  GROUF  5  SHAPE  GROW 

No.  Covered  X  Covered  No.  Covered  X  Covered 


X  Expansion 

Dlff. 

Cjmul. 

Diff. 

Cumul 

Diff. 

Cumul. 

Dlff. 

CuBFJ 

10 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

30 

2 

2 

5 

5 

3 

3 

7.5 

7.5 

40 

5 

7 

12.  j 

17.5 

9 

12 

22.5 

30 

50 

3 

10 

7.5 

25 

6 

10 

15 

45 

60 

5 

15 

12.5 

37.5 

9 

27 

22.5 

67.5 

70 

5 

20 

12.5 

50 

2 

29 

5 

72  J’ 

GO 

10 

30 

25 

75 

2 

31 

5 

77,;, 

90 

6 

36 

15 

90 

5 

36 

12.5 

90 

100 

3 

39 

7.5 

97,5 

3 

39 

7.5 

97.5 

From 

this 

table  it 

can  be 

seen  that 

if  3  Shapes /Group 

are  lised  a 

laminate  expansion  of  70X  is  necessary  if  only  50X  of  the  cases  are  to 
be  covered.  If  SOX  are  to  be  covered,  an  expansion  of  50%  uoi Id  be 
necessary.  If  a  5*Shape  Group  art  used,  70X  expansion  uould  cover 
72 .SX  of  the  cases.  But  even  vith  the  5  Shapes  it  would  take  SOX  e^> 
pension  to  cover  SOX  of  the  cases. 

UttS*  * 

From  aa  analysis  of  the  data  discussed  in  Parts  A  &  B,  it  is  ob¬ 
vious  that  75  to  lOOX  expansion  is  necessary.  Previous  work  indicated 
that  the  expansion  of  the  regular  epoxy  laminates  vas  limited  to  30-3SX 
therefore,  it  was  decided  to  investigate  porous  epoxy  systems  in  the 
belief  chat  Che  nature  of  such  a  system  wouM  allow  greater  expan8i;>n» 

The  results  of  this  investigation  are  recorded  in  the  following 

table. 
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TABLE  X 


Designation 

Stockine 

t 

Initial  Expand 
7, 

ion 

Layers 

Width 

2” 

3" 

4" 

6" 

154 

3 

2:^-” 

- 

54 

- 

46 

174 

3 

2^ 

65 

- 

56 

48 

70-2 

3 

1% 

44 

- 

4^ 

37 

09-2 

3 

21i 

40 

- 

37 

32 

82-2 

3 

3 

48 

- 

45 

38 

b4“2 

3 

3 

48 

- 

41 

35 

76-2 

5 

3 

45 

•• 

39 

34 

166 

3 

2^ 

- 

67 

- 

49 

176 

3 

2^ 

76 

m 

64 

43 

168 

3 

2% 

mm 

44 

- 

37 

170 

3 

2% 

53 

- 

45 

"/ 

184 

3 

1\ 

52 

- 

45 

39 

180 

3 

2^ 

39 

- 

36 

32 

182 

3 

Ik 

40 

- 

35 

31 

186 

3 

2% 

41 

- 

36 

34 

69-3 

3 

2% 

37 

- 

38 

34 

1 

O 

3 

IV 

35 

- 

32 

31 

82-3 

3 

3 

33 

- 

35 

33 

84-3 

3 

3 

41 

- 

35 

35 

159-2 

3 

2V 

mm 

27 

- 

27 

170-2 

3 

3 

mm 

30 

m 

26 

172-3 

3 

3 

mm 

25 

wm 

74 

76-3 

5 

3 

39 

37 

37 

•*'06-3 

3 

3 

62 

- 

56 

41 
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Conporlng  laminatei  166,  174,1.4,176  it  may  be  concluded  th/!t 
the  nuuciDijtn  esqianeion  poeelble  uith  this  system  Is  in  the  neighborhood 
c£  70%.  It  stwuld  be  noted  that  both  laminates  166  and  176  were  torn 
upon  expansion* 

When  the  expanded  laminates  were  measured  after  several  days,  there 
was  a  noticeable  amount  of  shrinkage,  in  one  case  as  high  as  36%.  Per  cent 
shrinkage  or  shelf  recovery  was  calculated  by  dividing  the  amount  of 
circumferential  shrinkage  by  the  circumferential  e:q>an3ion.  Comparing 
various  laminates  it  appears  that  the  shelf  recovery  is  Independent  of 
the  stockinet  size  used  and  must  therefore  be  dependent  primarily  on  the 
resin  system. 

As  Che  shelf  recovery  of  the  laminates  appears  independent  of  the 
per  cent  expansion  than  an  averaging  of  Che  recovery  of  all  the  laminates 
is  Justified,  The  average  is  10%  at  2",  13%  at  4",  and  15%  at  6".  These 
measurements  are  from  the  distal  end.  The  final  recovery  upon  heating  v/as 
calculated  by  dividing  Che  amount  of  circumferential  shrinkage  after 
heating  by  the  circumferential  e^^ansion.  The  average  final  recovery  \:aa 
75%.  This  flgtire  is  for  laminates  expanded  more  than  30%.  Those  ex¬ 
panded  less  than  30%  have  a  higher  per  cent  recovery,  about  90%. 

To  determine  the  effective  expansion,  t’vi  Initicl  expansio',  shelf 
recovery,  eir.d  final  recovery  must  be  considered.  Tslw  for  exaupicj  a 
typical  lanltiate  with  a  circumferential  measur(u>5nt  of  12'*  at  2”  irom  the 
distal  end.  If  it  is  expanded  65%  its  expanded  circumference  will  be 
26.4",  then  upon  standing  for  a  fow  days  it  \;ill  shrink  10%  giving  a  cir¬ 
cumference  of  25.4".  After  final  heating  it  will  recover  75%  or  to  a 
final  cirrunfcrence  of  18.6".  Therefore,  from  a  practical  standpoint  the 
loodnate  can  le  expanded  froml'j.6"  to  25.4"  which  is  on  effective  expansion 
of  36.6%  which  is  considerably  less  than  Cba  thooreticol  expansion  of  65%. 

Taking  this  figure  of  37%  and  cos^aring  it  with  Tablpt  K  it  can  be 
seen  that  only  I'^.SX  of  the  fr-^  utec  xMuld  be  ccv.?red  ^,.  th  t'»'-  3  shapes/ 
group  or  30%  if  5  slu^xs/gtcu,-  wure  ussd.  As  an  inltrrl  e^•M..:.^Kion  of  65% 
was  the  highest  obtaincHle,  it  is  of  little  value  to  consider  twhat  the 
effective  expansions  of  lesser  percentages  would  be,  undoubtedly  they 
would  be  considerably  lass  than  the  initial  exponsions. 

Quantitativa  physical  properties  of  the  laminates  v/erc  not  obtained, 
however  qualitative  observat'.nns  were  amde.  Tlic  inpaC.  strr'i.^t-.hs  of  the 
laminates  after  recovery  warn  extremely  low.  Tne  laminatca  could  be  com¬ 
pletely  collapsed  by  very  littl>  prwee«ire.  In  fact  several  of  the  laminates 
were  already  oiisshapened  after  recovery*  towards 

the  longitudinal  axis  caused  delamlnatlon  in  several  cases* 

IV.  GENERAL  DISCUSS ICT. 

From  the  above  results  several  things  are  obvious;  1^  uhe  limits  of 
the  present  resin  system  have  been  reached,  2)  a  large  •'.umber  of  i.a.slnating 
and  expanding  forma  are  necessary  to  cover  a  limited  number  of  arni-utee 
cases,  3)  effective  expansion  Is  much  l«/er  than  apparent  (initial)  expansion 
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and  4}  fabrication  of  tho  expansion  fonae  \iould  bo  quite  conpLox. 

The  liaits  of  tho  rosin  syatoa  of  40%  effective  expansion  present 
problems  of  nojor  considerations*  To  aalto  this  project  feasible  at  all 
it  uould  be  desirable  to  be  cMe  to  fit  at  least  75%  of  the  BB  amputee 
population*  To  fit  75%  of  the  amputees  tMuld  require  on  effective  ex¬ 
pansion  of  60%*  To  obtain  this  effective  expansion  ixmld  require  an 
initial  expansion  of  at  locJt  110%*  This  fioure  is  booed  on  90%  recovery 
after  heacins  and  5%  room  tcaperature  recovery*  These  flsurcs  are  con¬ 
siderably  better  than  those  actually  found*  This  means  a  resin  system 
must  bo  found  that  has  ttd.ee  the  expansion  of  titc  prcocut  system*  It  is 
possible  that  various  extenders,  f Icxibilizera ,  etc*  misl^t  be  incorporated 
into  the  system  to  improve  tho  expansion  slightly*  Hoi;over,  such 
modifiers  uould  lover  the  physical  characteristics  of  the  laminates  even 
bcloti  the  presently  unacceptable  level*  In  addition  to  dcvclopinc  on 
aitiroly  ncu  resin  system,  net;  stocliinets  tx>uld  have  to  be  'obtained  that 
vould  have  creator  flexibility*  This  latter  problem  could  undoubtedly  bo 
oveccooe* 

/another  major  consideration  is  the  nimibcr  of  preforms  or  expanders 
necessary*  A  of  15-20  only  cover  the  BE  os{'utee  population  and 

!*■.  is  qucctionablc  os  to  hou  representative  »'<vco  y  c*!ap.’.cs  ro<s»i.':cd„ 

I'o  must  also  bo  renerbored  that  these  proforre  arc  -  ly  for  tii''  fancr 
sockets,  and  additional  series  txmid  bo  neceassry  the  outer  forearms. 

If  t;o  could  assuae  that  one  half  as  moey  forearm  preforms  mould 
be  required  this  mould  mean  a  total  of  25-30  farms*  If  me  next  assume 
that  the  stroncth  of  tho  expanded  laminates  is  adequate,  a  fact  not  in 
evidence,  o  limb  shop  xiould  hove  to  stock  great  numbers  of  thoao  laminates 
to  have  them  available  to  fit  any  givan  saputoe*  With  3  Ceucosion  shades 
end  3  Negro  shrdes  o  limb  8l>op  \ioald  hove  to  stock  30C-360  lemii.  «tos  to 
!u>vc  Just  a  duplicate  set*  'Hits  Is  obviously  wttror.iy  imp.- atlsnl. 

As  tho  initial  purposes  of  this  project  mas  to  elLs^natc  twt 
layups,  this  is  not  aceoeplisbad  ns  only  75%  of  BK  oaputoos  i»uld  be 
covered*  To  eliminate  75%  of  nil  met  layups  txwld  requlro  stockims 
a  thousand  laminates  uhleh,  oven  If  possible,  mould  bo  obsurd* 

Plually,  the  .I'icipco  of  the  preform-oicpaudere  o'o  src’i  that  their 
frbrienti-m  be  •'.'?ontluliy  hand  aiodoled,  kheu  v  ett;  v^’  ish  olght 

inv'tlvc  consiebrcbic  c.'et* 

V.  cggLUSlOMS 

Based  cn  the  above  discussion,  mo  conclude  that  the  dovolonmcnt  of 
expansible  soclcota  appears  to  be  impractical  mitb  the  present  rcein  filler 
gysecas  tried* 
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